Abstract. This paper presents a new method for measuring the attractiveness of countries for FDI.
INTRODUCTION
What makes countries attractive to the foreign direct investments (FDI) of multinational firms?
And, similarly, which are the most attractive countries? These related questions are generally approached by two distinct branches of economic literature. One econometrically tests the relationship that exists between investments abroad and the various potentially-related receiving country factors, such as labour costs, market dimension, purchasing power, human capital and, in some cases, institutions and culture. The other uses much of the same economic data to build rankings of countries' attractiveness. Instead of testing, it takes the experts' opinions on the importance of each factor for their prospective investments into account. The degree of attractiveness of each country and its position in the ranking are then determined by using weighted averages and linear relations between these variables. Often, the information provided by the resulting order is supposed to hold a general validity that is useful for investors from different parts of the world (a review is in Groh and Wich (2009) ).
This second line of research considers the experts' opinions as more reliable predictors for future investments than the results of regressions on the determinants of FDI. While this can be a sensible choice for variables that change rapidly through time, such as exchange rates, inflation and country risk, it makes less sense for factors that vary slowly, such as institutions, culture, social norms and corruption. Experts' opinions on these factors may be vaguer, but they can, nonetheless, strongly influence their investment choices (Chackrabarti, A. 2001 ). This paper presents a new methodology for measuring the attractiveness of countries for FDI and uses it to build two different types of rankings: the first one, following the usual procedure, is potentially useful for any 'representative' investing firm and any country of origin; the other takes specificities of the origin country into account that appear to influence its investments abroad. The latter, therefore, is an index of countries' attractiveness and of accessibility.
The general index is built by using, firstly, the economic data available to econometrically test the impact of economic and non-economic factors of a high number of countries on the FDI; the resulting information is then merged with the experts' opinion of the importance of these same factors. A 'base' index, or ranking of countries, is then built by using a fuzzy expert system, whereby the function producing the final evaluation is not necessarily linear and the weights, generally defined in a numerical way, are replaced by linguistic rules. Two specific indexes regarding the investing economies of Italy and the UK are subsequently built by adding some country-specific factors, such as the geographic, cultural and institutional distances existing between the investing and receiving countries to the general index and by merging, again, the results of our regressions on these factors with the experts' opinions on their importance. This shows how the base 'neutral' ranking varies once the perspectives of specific investors are taken into account and the accessibility, besides attractiveness, is considered. The paper is structured as follows. Section 2 presents the methodology utilized in the construction of the Fuzzy Expert System; Section 3 the selection of variables and the data; Section 4 the basic index and the two country-specific indexes; and Section 5 concludes.
METHODOLOGY

FUZZY EXPERT SYSTEMS
Only a very limited number of papers focus on the methodological issues concerning indexes of countries' attractiveness to international investments and their construction (among these: Facchinetti, Marchi, Mastroleo, and Vignola (2008) , M Groh and Wich (2009), Pantelidis and Nikopoulos (2008) , Nardo et al. (2005) ). These indexes are based on weighting aggregation models, i.e. on aggregation functions where the variables' coefficients, or 'weights', are deduced from the experts' opinions. A drawback of this method is that experts are asked to numerically evaluate a large number of variables, which may provoke cognitive stress or circular thinking. Another serious limit is that values are points of the hyper plane R n , representing the aggregation function itself, which is necessarily linear. With this underlying structure, final results can be sensitive to slight data modification.
We present a new approach to the FDI ranking problem, the Fuzzy Expert System (FES), which is based on fuzzy logic and on an expert system. The main phases of a FES design are as follows.
First: design of the FES that best suits the problem under consideration. In this case, we start by drawing a decision tree with the roots representing the output and every branch representing an independent FES. In general, larger trees with a higher number of branches encompass larger data inputs.
Second: identification of input and output variables, their linguistic attributes (fuzzy values) and their membership function ("fuzzification" of input and output).
Third: definition of the set of heuristic fuzzy rules (IF-THEN rules).
Fourth: translation of the fuzzy output in a crisp value ("defuzzification" methods).
Fifth: choice of the fuzzy inference method (selection of aggregation operators for precondition and conclusion).
Sixth: test of the fuzzy system prototype, sketch of the goal function between input and output fuzzy variables, change of the membership functions and fuzzy rules if necessary, tune of the fuzzy system, validation of results (sensitivity analysis, test with prototypes, perturbations of data and robustness of the system).
This frees the FES procedure from most disadvantages of the weighting aggregation models seen above. In particular, it is based on linguistic descriptions of phenomena or processes and on a small number of very flexible rules. This helps to overcome most of the problems related to low data reliability or to lack of accuracy in experts' opinions. By being asked to linguistically evaluate phenomena, experts experience very low levels of cognitive stress. Moreover, system solutions are multiple, each is characterized by a degree of 'truth' that can range from 'completely untrue' to 'completely true', and can be consequently evaluated.
Functions are non linear, which is useful in overcoming the natural vagueness of real-world problems. More precisely, a FES can be described as a function approximator with a high level of non linearity. It aims to perform an approximate implementation of an unknown mapping
where A is a compact of R n . Kosko (1992) and Wang (1992) independently prove that fuzzy systems are dense in the space of continuous functions on a compact domain and can therefore approximate any continuous function arbitrarily well.
To sum up, the main advantages of using a FES are the non linearity of functions, the possibility for experts to follow simple linguistic rules and, finally, the possibility of using vague data.
A FUZZY APPROACH TO COUNTRY RANKING
The FES is an aggregator that can be represented as a decisional tree, with inputs and outputs at its top and at its base (or left and right ends in horizontal representations). While inputs and outputs are the only crisp entities, every node of the tree represents an intermediate logical step of experts' reasoning, which connects basic factors with the final output. Usually, intermediate nodes are fuzzy variables. In this case, however, intermediate stages will be defuzzified and shown: they contribute to make up the final ranking but are indexes themselves. Seeing these values is useful not only for grasping their significance in affecting the final index, but also for comparing their importance in different specifications of the final index. In the following sections we shall build a basic specification of the attractiveness index and two country-specific specifications, which will include the view-points of investors from Italy and the UK.
SELECTION OF VARIABLES AND DATA
The first step of our analysis concerns the construction of a base index of economic attractiveness. To this end, we consider the effects of variables regarding the economic, institutional and social characteristics of countries on FDI. According to literature on FDI, firms invest abroad for two main reasons: to sell the goods sold at home abroad (horizontal FDI), and to find low-cost locations for production (vertical FDI) . A review of this literature can be found in Barba Navaretti and Venables (2004) . In both cases, demand and supply factors interact to determine the investment locations of firms. Variables such as the countries' GDP or total population are generally used as proxies of the size of the market, crucial for horizontal FDI. In this paper, we choose to use the GDP variable, while the per-capita GDP is used to denote relative costs and the abundance of factors, important for vertical FDI but also for demand.
We consider a sample of 117 countries during the 2005-2008 period and econometrically test the effects of the above and the following variables on the FDI stocks. The data sources used are listed in Table A1 .
Labour costs represent a cost of production but also a demand component; because of this dual role, econometric tests on the effect of this variable on FDI show that coefficient values tend to be ambiguous (Groh and Wich (2009)). The productivity of factors, on the other hand, has a more definite relation with international investments: high productivity can compensate for high labour costs and make even a rich country a potential attractive location for vertical FDI, while low labour costs not matched by sufficient productivity can make even a poor country unattractive for FDI. In this paper, as a proxy of factors' productivity, we use the productivity of labour denoted by the country's GDP per employed worker.
The productivity of labour is often related to the level of 'human capital' existing in the economy and to the labour force's level of skill. Several empirical papers have found a positive relation between a country's inward FDI and the level of skills of its labour force (a review can be found in Kugler and Rapoport (2007)). We use the expected years of schooling as a proxy of this variable.
A crucial element in influencing firms' choices of FDI is the expected growth of GDP of foreign economies. Because of demand reasons, i.e. for horizontal FDI, for firms investing abroad a higher growth rate implies an expansion of the market and makes a foreign country more attractive. For firms investing because of cost reasons, i.e. for vertical FDI, a higher growth rate can imply higher labour costs, which are expected to have a negative impact on FDI, but also better infrastructures and higher The second step of our analysis concerns the construction of indexes that include the view-point of investors of given countries. In particular, we consider two countries, the UK and Italy, which are of interest because their investments abroad follow different patterns. Our regressions show their outward FDI are affected by a variety of factors, with components that are shared by most countries of our base regressions, and components that are specific to each of them. The latter, in particular, concern institutional and cultural similarities between the investing and the receiving countries, as well as links built by a transnational network of migrants. The first of these factors is distance (the geographic distance between the capital cities of the sending and receiving countries), which in our regressions has a positive and significant correlation with the outward FDI of the UK and a negative and significant correlation with the outward FDI of Italy. Moreover, the religion variable (the share of Christians on the population of partner countries), which is a proxy of the cultural proximity between countries (a review can be found in Tadesse and White (2008) Instead, Italy's outward FDI are strongly attracted by the presence (stocks) of Italian emigrants in the partner economies. Finally, the presence of a common language between the investing and the receiving country, language, plays a weak but positive role on the UK's investments abroad (higher than that of the country's ex-colonies) and is of no significance to the Italian FDI. The results of these regressions can be found in Flisi and Murat (2010) . From the list of steps leading to the construction of a FES under Section 2.1, it can be seen that there are now four more tasks to perform; they are, respectively, the choice of heuristic IF-THEN rules to insert in the rule blocks, the input fuzzification, the output defuzzification and the inference method to be used in the interaction between rules. Rule blocks are composed of hundreds of rules that cannot be shown here, but are available from the authors upon request. Meanwhile, Table 2 depicts a synthetic scheme that shows the importance of each factor (input and intermediate) in the composition of output variables. Economically, the ranking emerging from the final Attractiveness index can be judged positively.
RESULTS
THE BASIC INDEX
The higher positions are occupied by a mix of developed, emerging and developing countries, showing that no distortions favour a group of countries over others. The combined effects of high productivity and demand, efficient supply and good institutions tend to favour countries such as Australia, Sweden, Canada (at the top of the doing business and governance rankings) or the USA, despite their high labour costs. At the same time, the low costs and high expected growth rates favour economies such as China, India, Chile and others, despite their lower productivity and less reliable institutions. Figure 4 depicts the Attractiveness index for UK international investors. With respect to the basic index, distance, language and immigration have now been included into the evaluation process and, consequently, into the graph.
AN INDEX FOR UK INVESTORS
It is worth noting that the upper part of the graph is the same as the basic index graph, while the lower part has been modified and widened. More precisely, the variable distance has been added to the Extended Attractiveness evaluation block. Also, and more evidently, immigration and language now make up a new decision block that has been given the name Links and Similarity and is directly connected to the final Attractiveness block. Table 4 shows the effects of the new variables on the output variable they contribute to evaluate
(respectively Extended Attractiveness, Links and Similarity and Attractiveness).
Like the basic Attractiveness Index, the fuzzy transposition of every new variable is based on the three membership functions (low, medium and high). Their definition points are summarized in Table 5 where, in order to keep the system as similar as possible to the basic one, the defuzzification method used remains CoM, and the number of terms of the new intermediate output variable (Links and Similarity) is kept to five. All other variables that appear in the UK Index remain the same of the base index, and have been fuzzified as described in Table 2 . Table 6 clearly shows that the inclusion of the new rule block into the evaluation tree, containing the investing country cultural similarity with the partner economies and its transnational links (proxied by language and immigration), together with the inclusion of distance into the factors affecting the Extended Attractiveness index, modifies the final ranking of countries.
Economies such as India, Honk Kong, New Zealand, USA, Canada and China now rank higher than they did in the basic model. From an economic view-point, these results are as expected. With the exception of China, these countries are more institutionally and culturally similar to the UK than the average worldwide economy. They can be far, as indeed China or India are, but, as we already mentioned, our regressions show that UK multinationals are not at all deterred by geographic distance.
AN INDEX FOR ITALIAN INVESTORS
Taking the results of our regressions and the experts' opinions into account, the basic index is now modified in order to include factors that are specific to Italian international investors. Figure 5 depicts the decision tree. As for the UK index, distance has been added to the Extended Attractiveness node, but, unlike there, it now has a negative value. It has also been added a new node, which includes institutional and cultural factors. The latter now refer to religion, a proxy of cultural similarity that, from our regressions, positively affects the country's outward FDI, and by two proxies of migrant networks: stocks of immigrants and emigrants. Again, unlike the UK, immigration in this case bears a low value, while emigration has a strong and positive effect.
The models regarding Italy and the UK are equal except for the components of the Links and Similarity block, which differ substantially. The definition points of these new variables are summarized in Table 7 . All other variables are defined as for the UK's case.
The full framework of the specific factors affecting the index for Italian investors is summarized in Table 9 .The ranking of countries again changes, both with respect to the basic index and with respect to the UK index. In this case, countries more accessible to Italian investments, and not just attractive from a purely economic view-point, move upwards. Among these: France, Germany and the UK are contiguous or nearby countries, while the United States, Canada and Australia are more distant economies, but characterized by a substantial presence of Italian emigrants. Moreover, all of them are attractive from a purely economic view-point, as shown by the basic index.
The marked difference between the Attractiveness final indexes for the UK and Italy, which also emerges from their respective Links and Similarities blocks and sub-indexes and from their Extended Attractiveness sub-indexes (affected by the different role played by distance) in Tables 6 and 9, mirrors the different economic interactions of the two countries with the world markets. In turn, the latter can be related to the UK and Italy's respective histories of imperial power and mass emigration during the first half of the past century, as well as to the present differences in the average size of the two countries' multinationals, which are smaller in Italy's case.
CONCLUSIONS
This paper show that using a fuzzy approach to build country rankings of attractiveness for FDI produces sound results and is free from the main shortcomings of weighted average models, namely the lack of robustness of results to slight data modifications. A FES has been described and used firstly to build a 'general' index of attractiveness. At this stage, the common procedure of considering all investors as agents holding similar view-points and internationalization prospects has been followed; economically, it equals the classical assumption of a 'representative agent' or a representative country. Secondly, two examples regarding different investing economies have been
proposed. This has shown how rankings change in each case with respect to the basic index, and how they differ between them. By looking at the internal nodes of the FES three, comparisons have also been made between the intermediate rankings of the three indexes. The two country-specific indexes depict the attractiveness together with the accessibility of foreign countries for the investors under consideration. 
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